Malaria infection is the most common diagnosis made in Africa. Efficient diagnosis of malaria parasite is very vital for treatment of malaria infection. The efficacy of rapid diagnostic tests (RDTs) in comparison to microscopy, the gold standard, in the diagnosis of malaria in Nigeria has not been fully ascertained. This study compared the sensitivity, specificity and predictive values of RDTs available in Nigeria market with microscopy. Two RDT kits were used and their results were compared with the gold standard, microscopy using thick and thin blood films (TBF and tBF). TBF had sensitivity of 85%, specificity of 30%, positive predictive value (PPV) of 55.2%, and negative predictive value (NPV) of 66.6%; tBF had sensitivity of 80%, specificity of 35%, positive predictive value (PPV) of 55.2%, and negative predictive value (NPV) of 63.6%. Among the RDTs, Care Start HRP2 kit had sensitivity of 65%, specificity of 50%, positive predictive value (PPV) of 56.5%, and negative predictive value (NPV) of 59% while SD Bioline kit had sensitivity of 55%, specificity of 65%, PPV of 61%, and NPV of 59%. It can thus be inferred that rapid diagnostic test kits are not as sensitive as microscopy in diagnosis of malaria parasite, but they are more accurate and are thus suitable alternatives to microscopy.
tive laboratory test results obtained in the diagnosis of malaria. In practice however, malaria is often diagnosed solely on the basis of clinical symptoms, irrespective of the outcome of laboratory testing, because most government and teaching hospitals still rely on the time-consuming microscopy in the laboratory diagnosis of malaria. The turnaround time in the testing of malaria using microscopy can be up to 24 hr, prompting clinicians to make diagnosis retrospectively [1] .
The liver cycle in the life cycle of the malaria parasite ends when the mature schizont ruptures and releases the merozoites into the sinusoids of the liver. The merozoites are then discharged into the circulation. Released merozoites can only invade a red blood cell, thus beginning the erythrocytic stage. The erythrocytic stage of malaria parasites has several important implications in clinical practice. First, this is the only stage causing the complex and varying spectrum of symptoms (fever, nausea, chills, vomiting, headache, fatigue and muscular aches) characterizing the disease in humans. Secondly, the recognition of parasites in the blood of a patient allows the laboratory diagnosis of the infection and the differentiation of the various species as the causal agent [2] .
The merozoites released from the liver recognize, attach, and enter the red blood cells by multiple receptor-ligand interactions in as little as 60 seconds. This quick disappearance from the circulation into the red blood cells minimizes the exposure of the antigens on the surface of the parasites, thereby protecting these parasite forms from the host immune response [3] [4] . This also means that the parasite (merozoites) is usually visible in the red blood cells.
Microscopy is the reference/gold standard for the laboratory diagnosis of malaria parasite but its turnaround time is much more than that of RDT and it requires adequate training. RDTs are alternative diagnostic methods because they are quick and easy to carry out. They also require little or no training to perform.
RDTs are principally based on the detection of malaria antigens (Histidine Rich Protein (HRP2), parasite Lactate Dehydrogenase (pLDH), Aldolase enzyme) [5] from peripheral blood using monoclonal antibodies prepared against this malaria antigen target and conjugated to either a liposome containing selenium dye or gold particles in a mobile phase. A second or third capture monoclonal antibody applied to a strip of nitrocellulose acts as the immobile phase. The strip enables the labeled antigen to be captured by the monoclonal anti-body of the mobile phase, thus providing a visible coloured thick line. Incorporation of a labeled goat anti-mouse antibody capture ensures that the system is controlled for migration [6] .
This study aimed to compare the performance of Care Start HRP 2 and SD Bioline RDT kits with light microscopy in the diagnosis of malaria in symptomatic patients and the detection of malaria parasite in asymptomatic patients in Anambra, Nigeria.
Materials and Methods

Study Area
The study area is Agulu and Awka South in Anambra State located in the South-East region of Nigeria.
Ethics Statements
Ethical Committee of Anambra State University Teaching Hospital, Amaku, Anambra State, Nigeria approved the study Protocol. Written informed consent was obtained from the adult participants and guardians of child participants.
Test Samples
This consisted blood samples from asymptomatic individuals who have not taken any antimalarial for less than 7 days prior to blood donation (from Faculty of Pharmaceutical Sciences, Nnamdi Azikiwe University, Awka) and symptomatic patients (at the Anambra State University Teaching Hospital, Amaku, Awka) volunteers. Anambra State University Teaching Hospital, Amaku is one of the two teaching hospitals in Anambra State. Patients that usually go there for medical attention are majorly from Awka and other neighboring towns.
Sample Size
A total of 20 blood samples each were collected from both symptomatic and asymptomatic patients.
Clinical Diagnosis
Clinical diagnosis based on fever (temperature > 37.5˚C) and/or history of fever, and other symptoms including; headache, joint pains, body weakness, cough, diarrhea, loss of appetite/refusal of feeds, abdominal pain, and generalized body weakness was carried out by physicians at the outpatient department of the hospital.
Light Microscopy
This was done using standard procedures as proposed by Chessbrough M, 2009. Briefly, blood samples were collected into EDTA bottles. Thick and thin films were made from the blood samples; the films were stained with 10% Geimsa stain (pH 7.2) for 10 minutes and examined under the microscope (model number: BINOCxi, Micron International, India) using ×1000 magnification. Positive findings were graded on the thick smear using the "plus" system scale: + (1 -10 parasites per 100 fields), ++ (11 -100 parasites per 100 fields), +++ (1 -10 parasites per field), ++++ (more than 10 parasites in every field) and for the thin smear by calculating the percentage parasitemia [7] .
Rapid Diagnostic Test
The blood samples from the 20 symptomatic and 20 asymptomatic patients were tested using the SD Bioline and Care Start HRP 2 kits. SD Bioline (CAT No: 05FK90, Standard Diagnostics Inc., Korea) and Care Start HRP 2 kits (CAT No: G0141, Access Bio Inc., USA) are lateral flow immunochromatographic antigen detection tests kits in a cassette form. The testing was carried out according to manufacturer's instructions. Negative result is indicated by the presence of a single line, while a positive result is indicated by two bands in the strip.
Data Analysis
The sensitivity, specificity, and predictive values of each of the three test methods were calculated by comparing to a standard. The standard was the absence or presence of clinical symptoms for malaria parasites as determined by a physician. This gives the standard 100% hypothetical sensitivity, specificity, and positive and negative predictive values. The sensitivity, specificity, and predictive values of each of the four methods; microscopy by thick blood film, thin blood film, and rapid diagnostic test by SD Bioline and Care Start HRP 2 kits were then calculated using the formulas below. where TP = true positive, FP = false positive, TN = true negative, and FN = false negative. Sensitivity was defined as the probability that a truly infected individual will test positive and specificity as the probability that a truly uninfected individual will test negative.
Results
Prevalence of Malaria Infections as Measured by the Microscopy and RDT
The diagnostic value of Microscopy (thick and thin blood film) and RDTs in the detection of malaria parasites in South-east Nigeria was compared among symptomatic patients. Its ability to detect sub patent infection was also compared in asymptomatic patients.
The result of microscopy is shown in Table 1 . For the thick blood film (TBF), 3 asymptomatic patient result had ++, 5 symptomatic had ++, while 1 symptomatic had +++ result. For the thin blood film (tBF), the average percentage parasitemia was used to verify the presence of malaria parasite.17 (85%) patients were positive for malaria by TBF and 16 (80%) by tBF. The parasite was detected in 14 (70%) asymptomatic individuals by TBF and 13 (65%) by tBF.
The rapid diagnostic test using SD Bioline and Care Start HRP 2 kits are shown in Table 2 . 13 (65%) patients were positive for malaria by Care Start kit (CSK) and 11 (55%) by SD Bioline kit (SBK). The parasite was detected in 10 (50%) asyptomatic individuals by CSK and 7 (35%) by SBK.
Comparison of Microscopy and RDT
In comparing the diagnostic methods with the standard method, TBF had sensitivity of 85%, specificity of 30%, positive predictive value (PPV) of 55.2%, and negative predictive value (NPV) of 66.6%, tBF had sensitivity of 80%, specificity of 35%, positive predictive value (PPV) of 55.2%, and negative predictive value (NPV) of 63.6%. Among the RDTs, CSK has sensitivity of 65%, specificity of 50%, positive predictive value (PPV) of 56.5%, and negative predictive value (NPV) of 59% while SBK had sensitivity of 55%, specificity of 65%, PPV of 61%, and NPV of 59% ( Table 3 ).
Discussion
Majority of hospitals in Nigeria still prescribe drugs based on symptomatic presentation and as such clinical diagnosis has become our gold standard. Precision in medical therapy comes about where a second opinion is sought for confirmation of the disease condition. Some illnesses have similar presentation. This study thus tells us that 85% of tentative diagnosis for malaria is correct when using the most sensitive diagnostic tool, microscopy, using thick blood film, while the remaining 15% suffers from other symptom related illnesses.
There are four principal methods for diagnosis of malaria: symptomatic, microscopy, antigen test and molecular methods. Symptomatic (use of clinical symptoms) method in most cases is the first and only step in malaria diagnosis especially in low to most middle income countries. But in developed countries symptomatic diagnosis is confirmed using one or more of the other methods before treatment is administered. Microscopic examination of TBF (85%) was able to detect more parasites in both symptomatic patients and patients with sub-patent infections (the asymptomatic individuals) than tBF (80%), CSK (65%) and SBK (55%). This is in agreement with previous works [8] [9] . Sensitivity of RDTs increases with an increase in parasitaemia with a limiting value of 100 parasites/µL, but it is expected that any RDT used for malaria diagnosis should have a high sensitivity (95%) and specificity (97%) [10] [11] . The sensitivity of RDT is lower than that reported in this study [9] but similar to that reported in this study [12] .
The specificity of microscopy as expected is lower (30% & 35%) than RDTs (50% and 65%), but the higher the specificity the more accurate the diagnostic value. It was only able to detect 30% -35% of asymptomatic patients as malaria free. This is probably due to the presence of sub-patent infection which does not manifest as an illness. RDT was more specific than microscopy as it only detects malaria when the antigen level is at a particular limit due to the present of a limiting number of parasites in the blood. However, its low specificity could be due to self medication taken by patients before they present to the hospital for treatment.
The predictive values of the various diagnostic tests show that there is a slightly greater chance than average that a positive result is actually positive and a negative result means that the patient has no malaria infection, as they all had PPV and NPV as 55.2% and 66.6% for TBF, 55.2% and 63.6% for tBF, 56.5% and 59% for CSK, and 61% and 59% for SBK. These values do not agree with previous studies [8] [9] [10] [12] .
False positive results in RDT can be due to factors such as persistence of HRP2 antigen in patient blood weeks after a successful treatment [13] ; plasmodia gametocyte also produces pLDH thus test could be positive despite clearance of asexual forms of parasite [14] . It could also be due to interaction with rheumatoid factor found in patients with rheumatoid arthritis [15] [16] [17] . While false negative results can occur due to presence of anti-HRP2 antibodies in humans [18] , it also could be attributed to the storage conditions of RDT kits after manufacture till it gets to the laboratory.
False positive results in microscopy can result from inadequately trained staff that report artifacts as positive result. False negative results in microscopy may be due to inadequately trained staff that cannot recognize the parasite or stain the test specimen properly.
RDTs are rapid and simple to perform and to interpret, but have limitations in detecting the presence of malaria parasite in low parasitemia. RDT should be carefully evaluated for proper quality and storage; otherwise implementation of RDTs may not be beneficial. Microscopy still remains the gold standard for detecting malaria parasite although it is less specific than RDT. The use of symptomatic method has led to an increase in the misdiagnosis and inadvertently misuse of antimalarial which may eventually contribute to drug resistance. Some underlying missed illness can progress to become complicated due to delay in drug administration. Still because of the time-consuming nature of microscopy, to prevent malaria diagnosis to be based solely on clinical investigation, RDTs can be used as they are even more accurate. Those few missed diagnosis that cannot be detected by the kits can be detected with microscopy since their viral load is low and there is little chance of complications developing, especially in older patients.
The sample size used in this study could hinder our drawing adequate conclusions from our findings and may reduce the accuracy of this study when it is being applied to the large populace. malaria diagnosis so as to provide a basis for adoption of the use RDTs in lieu of microscopy in government hospitals in Nigeria. We used microscopic examination of thick and thin blood film and rapid diagnostic test kits to detect the presence of malaria parasite in symptomatic and asymptomatic individuals. We then compared the performance of these diagnostic testing procedures by calculating their sensitivity, specificity and predictive values in order to find out which of them is more sensitive and accurate. Our study indicates that it is okay to use RDTs even though it is less sensitive, as it is more accurate. The few clinically suspected cases that are not confirmed by RDTs due to low parasitemia can always be confirmed using microscopy. It may even aid to diagnose any missed illnesses.
